From thirty native isolates of entomopathogenic fungi, which were obtained from corpses of larvae and adults of Andean weevil (Premnotrypes vorax Hustache); two fungi with entomopathogenic characteristics were selected through laboratory tests, which will be used in a program of integrated management of this pest in the Ecuadorian inter-Andean region. The pathogenicity of the 30 isolates was determined by the mortality that they caused in larvae and adults and it was expressed in percentage; for this, a complete randomized design (CRD) was used. The LC50 and TL50 were determined by Probit analysis. The two selected isolates corresponded to: Metarhizium anisopliae (Metschnikoff 1879) Sorokin 1883 (A13) and European Scientific Journal September 2018 edition Vol.14, No.27 ISSN: 1857 -7881 (Print) e -ISSN 1857 206 Beauveria bassiana (Bals.-Criv.) Vuill. 1912 (A21), which proved to be the best, because they caused the highest mortality in larvae of the fourth instar and adults of P. vorax. The Probit analysis showed that LC50 for A21 isolate (B. bassiana) in fourth instar larvae was obtained with a concentration of 1,75x10 9 spores/ml and 1,08x10 9 spores/ml for adults. Instead for A13 isolate (M. anisopliae), the LC50 was obtained with a concentration of 1,65x10 9 spores/ml for larvae and 2,42x10 9 spores/ml for adults. The LT50 for the selected isolates at the indicated concentrations, was 4,84 and 4,32 days for larvae with A13 and A21 isolates respectively, while, for adults, the shortest time was obtained with A21 isolate in 4.36 days, compared with A13 isolate, that delayed 20,70 days. The larval stage of P. vorax was the most susceptible to A13 isolate, on the other hand, larvae and adults were equally susceptible to A21 isolate at the indicated concentrations. According to the results obtained, the two selected isolates can be used as an alternative to the use of conventional agrochemicals, which will contribute to a more ecological production.
Introduction
Weevil of the Andes (Premnotrypes vorax) is the main pest of potato cultivation in many places in Chimborazo province. The attack of this pest produces a great variety in the tubers, this larvae can consume almost all of them, decreasing the quality of the product, causing considerable losses in harvest (CIP, 2013) .
To control this pest, farmers have resorted to the use of chemical synthesis pesticides, which have not reduced the damage caused by this pest. Rather, they have created a resistance to chemicals, which causes greater damage (Argenpapa, 2016) . Some farmers perform crop rotation, which is a temporary solution to reduce the populations of this pest. However, this plague persists in neighbouring fields, which hinders a true reduction of the population (Salamanca, 2013) .
In addition, it is important to note that, because the climatic conditions of some places in Chimborazo province, this favour the Potato farming throughout the year, making it possible to find the crop in all the phenological stages, making it difficult even more establish an effective control program. In most case they use dangerous pesticides, those that have seriously affected the health of producers, consumers and the environment (Basantes, 2015) .
Therefore, it is important to develop alternative methods of combating this pest. Entomopathogenic fungi can be the alternative solution to fight the weevil (Delgado & Murcia, 2011) .
Entomopathogenic fungi infect all insects, mainly: Hemiptera, Diptera, Coleoptera, Lepidoptera, Hymenoptera and Orthoptera (Ferron, 1981) . In some insect orders, immature stages (nymphs or larvae) are more susceptible to infection than adults (González, Aguilar, & Rodríguez, 2012) .
Approximately 100 genera and 700 species of entomopathogenic fungi are known. Among the most important genera are the fungi: Beauveria bassiana (Bals.) Vuill, Cephalosporium sp, Meharhizium anisopliae var. Anisopliae (Metch) Sorokin, Lecanicidium (Verticillum) lecanii, Paecilomyces fumosoroseus (Wize) Brown y Smith, Aschersonia aleyrodis Webber (Borges, Díaz, San Juan, & Gómez, 2010).
Of the genera cited, Beauveria and Metarhizium are found infecting the weevil of the Andes potato. These fungi have a considerable epizootic potential, can spread rapidly through a population and can cause death within a few days. Infected insects stop feeding and can die relatively quickly. Sometimes, they are covered by the mycelium of the fungus. In order circumstances, it is observed emerging from the joints and segments of the body (Tanada & Kaya, 1993) . Therefore, they can be isolated, selected and multiplied to be used in massive applications, considering that the spread of the disease depends on the interactions and factors related to: 1) The pathogen (pathogenicity, virulence, dispersion and persistence); 2) the host (susceptibility, density and distribution, behaviour) and 3) the environment (abiotic: temperature, humidity, wind, rainfall, and biotic: parasites, predators, host plant) (Gallegos, Ávalos, & Castillo, 1997) .
The variety of fungus change considerably, some fungi infect a wide range of hosts and others are restricted to a few or a single insect species. Beauveria bassiana and Metarhizium anisopliae infect about 100 different species of insects in several orders, but isolates of these two species have a high degree of specificity (García, Cappello, Lesher, & Molina, 2011) .
Beauveria, is one of the most important pathogens that affect several species of insects that includes whiteflies, aphids, grasshoppers, termites, beetles, weevils, chiggers, ants and butterflies. The species Beauveria bassiana has been the most studied. The different Beauveria isolates exhibit considerable variation in virulence. In laboratory tests, there was a 100% mortality of the adults of Premnotrypes suturicallis, after 2 weeks of inoculation of the fungus to the neck of the plant. Beauveria is used as a bioinsecticide in some countries and is currently found in the markets of some European markets in commercial form under the name of Beauverin or Boverin (Alcalá & Alcázar, 1999) .
Metarhizium spp is another fungus that has been proven as a natural enemy of several species of insects, such as Diabrotica spp, weevils and other beetles. It has a wide range of hosts; it is used extensively in Brazil in alfalfa and sugarcane crops to fight bedbugs of the Cercopidae family (Nicholls, 2008) .
The objective of this research was to search for effective isolates of entomopathogenic fungi for the management of the Andean weevil (Premnotrypes vorax Hustache) in Chimborazo province.
Materials and methods:
It was used: a) soil samples from fields infested by the pest and b) corpses of larvae and adults of P. vorax, found with signs of fungal infection, in 3 storage warehouses of potatoes from the city of Riobamba.
Induced infection
For the first case, the soil samples were placed in one litter plastic containers, humidity was corrected to 60% and for each container 30 healthy larvae of P. vorax were added from the fourth instar. The same ones that came from a breeding, method called "induced infection". After an incubation period of 10 days at 20º C, the larvae were removed, washed, disinfected with 5% sodium hypochlorite and rinsed three times in sterile water, before being transferred to a chamber individual incubation, until observing growth of mycelium or spores.
Isolation
Isolation, identification, production of spores of native isolates, mortality of isolates on populations of larvae and adults of white worm breeding, medium lethal concentration (LC50) and mean lethal time (LT50) in larvae and adults of P. vorax was determined by Probit analysis and carried out in the Biological Sciences laboratory at Escuela Superior Politécnica de Chimborazo.
Results and Discussion:
Thirty isolates were obtained in monosporic cultures, which were identified as Beauveria bassiana (A21) and Metarhizium anisopliae (A13).
Mortality of larvae of the fourth instar of P. vorax caused by A21 and A13 isolates
Of the thirty native evaluated isolates on larval stage L4 of P. vorax, A21 (B. bassiana) and A13 (M. anisopliae) isolates, with a concentration of 10 7 spores/ml caused 100% death of larvae at seven days. The witness presented an average mortality of 13%, lower than all the isolates evaluated (Fig.1) .
The A21 (Beauveria bassiana) and A13 (Metarhizium anisopliae) isolates, present a great potential to be taken into account in a control program of the white potato worm, however, they could be important controllers for other pests, for example Mendoza, Gómez & Gualle (2008) reported up to 36% adult mortality of the banana weevil (Cosmopolites sordidus Germar) and up to 80% on the sugarcane weevil (Metamasius hemipterus Olivier) in the countryside, when they used banana pseudo stem traps with 5,8x10 10 conidia/trap (10 g/trap).
Determination of the mean lethal concentration (LC50) and mean lethal time (LT50) in larvae and adults of P. vorax
The Probit analysis shows that for A13 isolate (Metarhizium anisopliae), the mortality trend increases with the concentration of spores in both larvae and adults, however, in adults a lower mortality is observed than in larvae (Fig. 2) .
Similarly, with the A21 isolate (Beauveria bassiana) the mortality with the highest concentration of spores increases, but the effect is apparently similar in both larvae and adults, which makes this isolate promising for the control of this pest in the two states, as shown in Fig. 3 .
The mean lethal concentration of A13 isolate (Metarhizium anisopliae), for fourth-instar larvae, was 1,65x10 9 ; 9,44 and 2,39x10 8 spores/ml on the third, fifth and seventh days respectively. For adults, the mean lethal concentration was recorded at 2,42; 2,26; and 2,10x10 9 spores/ml for the third, fifth and seventh day.
For A21 isolate (Beauveria bassiana), the mean lethal concentration in larvae of fourth instar was 1,75x10 9 spores/ml at 3 days; 6,28 and 7,3x10 8 spores/ml at 5 and 7 days. For adults, the mean lethal concentration was 1,08x10 9 spores/ml, 9,55 and 9,00x10 8 spores/ml at 5 and 7 days under laboratory conditions.
The period in which death occurs is between three and seven days, depending on the amount of inoculum, which is similar to the data obtained by Storey & Gardner (1988) , who indicate that a greater amount of infective propagules increases the probability of infection and consequently the death of insects (Table 1) . The results show that, mortality is a function of the state of the pest (larvae or adults) and the isolation and concentration of spores per millilitre (Nicholls, 2008) . For a good management of this pest, concentration must be applied differentially. In addition, it is important to take into account the particular conditions that each agroecosystem presents.
The mean lethal time of the selected isolates decreases as the concentration of spores per millilitre increases for the two isolates, both in larvae and adults. However, it is important to note that the A13 isolate (M. anisopliae) with a concentration of 10 9 spores/ml is not effective for adults of P. vorax, because the LC50 is recorded on the twenty-first day, different from the A21 isolate (B. bassiana) that causes considerable mortality on the fourth day at a concentration of 10 9 spores/ml. However, lower concentrations of 10 8 , 10 7 and 10 6 spores/ml cause a 50% mortality from the nineteenth day. These results indicate that A21 isolate (B. bassiana) is feasible to be used in a control program of kg both in the larval and adult phases, since it produces a higher mortality rate the fifth day. However, a concentration of 10 9 spores/ml should be applied in the adult stage to achieve the same effect, since lower concentrations do not achieve adequate control of this pest, without forgetting the behaviour of this pest in potato fields, where adults tend to oviposit in early stages of the crop. Therefore applications should be made at the beginning of the first phenological stage of this crop (Gallegos, Ávalos, & Castillo, 1997) .
The A13 isolate (M. anisopliae) proved to be a good controller of this pest only in the larval stage, which indicates that a good controller depends on the isolation, concentration, state of the pest and, of course, environmental conditions (Table 2) . 
Conclusions:
The A21 isolate was found to be the best for larvae of the fourth instar and adults of P. vorax, because it caused the highest mortality.
The A13 isolate was considered to be good for larvae in the fourth instar, however, for adults, mortality was recorded around day 21 with a concentration of 10 9 spores/ml. The LC50 of the A21 isolate was 10 9 spores/ml on the fourth day. Minor concentrations of the same isolate of 10 8 , 10 7 and 10 6 spores/ml cause a 50% mortality only from the nineteenth day.
The A21 isolate could be used in an integrated management program of P. vorax, both in the larval and adult phases, since it produces a 50% mortality of the population around the 4th day. However, concentrations of 10 9 spores/ml should be applied in the adult stage to achieve the same effect.
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